The Edremit Fault Zone (EFZ) forms one of the southern segments of the North Anatolian Fault Zone (NAFZ) at the northern margin of the Edremit Gulf (Biga Peninsula, South Marmara Region, Turkey). Stratigraphic, structural and kinematic results indicate that basinward younging of the fault zone, in terms of a rolling-hinge mechanism, has resulted in at least three discrete Miocene to Holocene deformational phases: the oldest one (Phase 1) directly related to the inactive Kazdağ Detachment Fault, which was formed under N-S trending pure extension; Phase 2 is characterised by a strike-slip stress condition, probably related to the progression of the NAFZ towards the Edremit area in the PlioQuaternary; and Phase 3 is represented by the high-angle normal faulting, which is directly interrelated with the last movement of the EFZ. Our palaeoseismic studies on the EFZ revealed the occurrence of three past surface rupture events; the first one occurred before 13178 BC, a penultimate event that may correspond to either the 160 AD or 253 AD historical earthquakes, and the youngest one can be associated with the 6 October 1944 earthquake (M w = 6.8). These palaeoseismic data indicate that there is no systematic earthquake recurrence period on the EFZ.
Introduction
The structural framework of the Marmara region is shaped by the western extension of the North Anatolian Fault Zone (NAFZ). There, the NAFZ is made up of at least two fault splays at its western termination, namely the northern and southern fault splays in the Marmara region (Figure 1(a) ) (Barka, 1992; Barka & KadinskyCade, 1988; Dewey & Şengör, 1979; Emre, Doğan, Özalp, & Yıldırım, 2011; Gürer, Kaymakçı, Çakır, & Özburan, 2003; Özalp, Emre, & Doğan, 2013; Şengör, 1979 , Şengör et al., 2005 , 2014 . Towards the Biga Penninsula, the southern branch separates from the other by rightward step-overs. All of the above studies suggested that the Edremit Fault Zone (EFZ) forms the southwestern end of the southern branch of the NAFZ (Figure 1(b) ). The EFZ was defined with different names by different researchers in previous studies, including the Küçükkuyu-Güre Fault by Siyako, Bürkan, and Okay (1989) , the Behram Fault by Karacık and Yılmaz (1998) , the Güre Fault by Okay and Satir (2000) , the Edremit Fault by Yılmaz and Karacık (2001) , the EFZ by Kaymakci et al. (2007) , the Edremit Fault by Cavazza, Okay, and Zattin (2009) and the EFZ by Emre and Doğan (2010) . The formation mechanism and segmentation of the EFZ are explained by two views in the literature: (i) the EFZ is an active fault system with a combination of a low-angle normal fault (Kazdağ Detachment Fault (KDF)) and high-angle synthetic/antithetic normal faults Emre, Doğan, & Yıldırım, 2012) ; and (ii) exhumation of the Kazdağı occurred in two phases, specifically the OligoMiocene (the low-angle KDF) and the Plio-Quaternary (high-angle normal and strike-slip faults cut and deformed the KDF) (Beccaletto & Steiner, 2005; Bonev, Beccaletto, Robyr, & Monié, 2009; Cavazza et al., 2009; Yaltırak, 2003 Yaltırak, , 2006 Yaltırak & Okay, 2004) . According to the first view, the EFZ is divided into two subsegments, the Altınoluk and Zeytinli, considering changes in the structural features, geometry and characteristics of this fault zone . The Altınoluk segment is 60-km long and consists of a main low-angle normal fault extending N80°E and zonal synthetic/antithetic high-angle normal faults, which developed in the hanging-wall of this main fault. At N30°E, the main trending Zeytinli segment forms the eastern part of the fault zone and is 15-km long; the segment is made up of a single structure that is the continuation of the main detachment fault of the Altınoluk segment. Kinematic indicators on slip planes, such as slickensides and riedels, indicate a right-lateral normal faulting with a minor strike-slip component in the western end and a strike-slip dominated oblique faulting at the eastern end; however, a number of studies specified that the major southdipping low-angle detachment fault (KDF) observed between the metamorphic rocks (footwall plate) and the volcano-sedimentary units (hanging-wall plate) is presently inactive, and this low-angle structure was cut and deformed by numerous younger east-west-trending, south-dipping high-angle normal faults (Beccaletto & Steiner, 2005; Bonev et al., 2009; Cavazza et al., 2009; Yaltırak, 2003 Yaltırak, , 2006 Yaltırak & Okay, 2004) . One of them generated the 6 October 1944 Edremit earthquake (M s = 6.8, Ambraseys, 1988 ; M w = 6.7, Euro-Med Seismological Centre (EMSC)) that had a surface rupture of 38 km (Ambraseys & Jackson, 2000; Zimmermann, 1945) , which was the largest earthquake that occurred on the EFZ in the instrumental period.
In this study, we performed palaeoseismological trench studies on the 1944 surface rupture in order to understand the seismic behaviour of the EFZ and whether the 1944 break followed a pre-existing fault or not. We also discussed the geodynamics evolution and kinematics features of the structural elements observed in the region during the detailed geological mapping of the fault zone at a scale of 1/25000. Finally, we are the first to document the geologic, palaeoseismologic, and geoarcheologic evidence for the Holocene activity of the EFZ in terms of a rolling-hinge mechanism.
Tectono-stratigraphic features of the fault-belt rock units
In the northern part of the Edremit Bay, the geological units exposed along the EFZ can be mainly divided into two groups: the Kazdağ Metamorphics (footwall rock units) and the structurally overlying rock units that are composed of ophiolitic mélange, metamorphic and volcano-sedimentary rocks (hanging-wall rock units) (Figure 2(a) ).
Kazdağ metamorphics (footwall rock units)
The Kazdağ metamorphics were first defined as schist and gneiss units by Diller (1883) . Then, Philippson Barka, 1992; Şengör et al., 1985) . (b) Active fault map of Marmara region (estimated branches of the NAFZ are shown in yellow shaded area). Major neotectonic structures complied from General Directorate of Mineral Research And Exploration, Active fault map series of Turkey (Emre, 2010; Emre, Doğan, Duman, & Özalp, 2011; Emre, Duman, & Özalp, 2011a , 2011b , 2011c . The active faults in the Sea of Marmara were modified from (Armijo, Meyer, Navarro, King, & Barka, 2002; Cormier et al., 2006; Le Pichon et al., 2001) . Yenice-Gönen Fault Zone (YGFZ), Sariköy Fault (SAF), Pazarköy Fault (PF), Evciler Fault (EF), Kazdağ Detachment Fault (KDF), Havran-Balıkesir Fault Zone (HBFZ) and Edremit Fault Zones (EFZ).
(1910) and van der Kaaden (1959) mapped outcrops of these metamorphic rocks in the Kazdağ and the surrounding area. Schuiling (1959) indicated that the core part of the Kazdağ Massif has an N-S trending folding geometry and had undergone a high-temperature metamorphism before Hercynian. These marble-and metaclastic-dominated sequences were unroofed by KDF and formed the metamorphic core complex (Beccaletto & Steiner, 2005; Bonev et al., 2009; Cavazza et al., 2009; Lips, 1998; Okay & Satir, 2000; Yaltırak & Okay, 2004) . The unit's geological age has been the subject of many studies (Bingöl, 1971; Bonev et al., 2009; Cavazza et al., 2009; Duru, Pehlivan, Okay, Şentürk, & Kar, 2012; Erdoğan, Akay, Hasözbek, Satır, & Siebel, 2013; Okay & Satir, 2000; Okay, Satır, & Siebel, 2006; Okay et al., 1996) . When we synthesised these geological ages, which was performed via different radiometric dating methods, it was observed that the ages showed a wide range dispersion in terms of the geological intervals of 320-300 My, 250-216 My and 30-14 My. Additionally, Okay and Satir (2000) and Bonev et al. (2009) pointed out that the last metamorphism occurred in the region at 5-6.9 Kb, 600-700°C and a 20-km depth in the last phase of the Alpine orogeny in the late Oligocene-early Miocene. Duru et al. (2012) defined hanging-wall rock units as the Karakaya Complex and Çetmi Mélange. Bingöl, Akyürek, and Korkmazer (1973) described the Karakaya Complex of early Triassic low-grade metamorphosed clastic sediments covering the exotic limestone blocks with Permo-Carboniferaus aged and metaspilit, spilitic basalt and diabasic rocks. Duru et al. (2012) expressed the age as late Permian (Culfiyen)-middle Triassic by using paleontologic records from exotic limestone blocks. They also stated that the Kalabak Group, which forms the basis of the Sakarya Zone in the Biga Peninsula, can be lithologically correlated with the units Figure 2 . (a) Simplified geological map of the study area along the southern rim of Kazdağ mountain (modified from Emre and Doğan (2010) , Duru, Pehlivan, Okay, Şentürk, & Kar (2012) and this study). 1944 surface rupture is completed from Altınok et al. (2012) , Yaltırak (2006), and Zimmermann (1945) ; eyewitness recipes and field-based observations of this study; KDF:Kazdağ Detachment Fault, EFZ:Edremit Fault Zone. (b) Morphotectonic map of the study area showing distribution of palaeostress data sites, lower hemisphere equal-area projection of kinematic data and computed results of the principal stress axes. described as lower the Karakaya Complex by Okay and Göncüoğlu (2004) .
Hanging-wall rock units
The northern and southern edges of the Kazdağ are characterised by cataclastic and mylonitic rocks. These rock assemblages were named the Alakeçilil mylonite zone by Okay (1987) . Okay, Siyako, and Bürkan (1991) found that this zone is constituted mainly of mylonite gneiss and metaserpentinite. The structurally overlying Çetmi Mélange was first defined by Okay et al. (1991) as olisthostromal. The matrix of the unit consists of finegrained clastic rocks. Spilitic alkaline volcanic and pyroclastic rocks, eclogite slices and mostly recrystallised limestone are located as blocks within the unit. Based on stratigraphic and paleontologic studies (Beccaletto, Bartolini, Martini, Hochuli, & Kozur, 2005) performed within the unit, the age of the limestone blocks within the unit must be from the early Triassic-middle Albian and the matrix must be from the late Albian-Cenomanian.
The unconformably overlying Cenozoic rocks are made up of Kavlaklar granite, Hallaçlar volcanites, Küçükkuyu Formation, İlyasbaşı and Bayramiç formations, and alluvium.
The Kavlaklar granite was first named by Metzger (1994) . Beccaletto (2003) and Beccaletto and Steiner (2005) pointed out that several small, elliptical-shaped granitoid bodies intruded the Çetmi Mélange and were clearly cut by the detachment fault, but they did not intrude on the Kazdağ Massif. However, field studies revealed that granitic rocks were separated from the metamorphic rocks by structurally low-and high-angle normal faults (Figure 3 , cross-sections). Bingöl (1971) reported the age of the granitic rocks as 25.3 ± 3.0-46.0 ± 5.0-70.5 ± 8.0 Ma using 87 Rb/ 86 Sr and K/Ar methods. Beccaletto (2003) and Beccaletto and Steiner (2005) Krushensky (1976) , who described these rocks as being composed mainly of rhyodacite and minor labradorite, rhyodacite and trachyandesite. Krushensky, Akçay, and Karaege (1980) gave a K/ Ar date of 23.6 ± .6 Ma (J. D. Obradovich, U.S. Geol. Survey, written communication, 1971) on biotite from the lava flow of the Hallaçlar volcanites. Genç et al. (2012) reported K/Ar whole rock analysis of an andesitic sample as 26.5 ± 1.1 Ma.
The Küçükkuyu Formation was identified by Saka (1979) . According to Beccaletto (2003) , this formation is represented by pebble stones, lava, and beige-coloured tuff intercalated lacustrine carbonates, bituminous shale containing mudstone, and volcanogenic sandstones. İnci (1984) suggested that this formation came from the early Miocene age, according to its sporomorph assemblage. Beccaletto and Steiner (2005) dated a biotite grain sample as 34.4 ± 1.2 Ma from a tuffite of the upper member of the Küçükkuyu formation using the 40 Ar/ 39 Ar method, but nevertheless they preferred to comment about this indicated age as given from a mobilised detritic material, which came from an older volcanic event that occurred in the Biga Peninsula. Cavazza et al. (2009) also suggested that apatite grains obtained from the tuffite sample, interbedded within the upper member of the formation, were 16.8 ± 2.6 Ma as estimated by the apatite fission track method, which represents the depositional age of the upper part of the Küçükkuyu Formation.
The İlyasbaş Formation, outcropping almost 30 km 2 between the Çetmibaş and Paşaköy, was first named by Saka (1979) . The formation is comprised predominately of limestone, clayey limestone and calcareous claystone, interbedded sandstone, and fine-grained conglomerates intercalated with pyroclastic airfall and flow deposits. The unit unconformably overlies the Küçükkuyu Formation. Siyako et al. (1989) suggested that the relative age of the formation is from the late Miocene. The Bayramiç Formation was firstly identified by Siyako et al. (1989) as small outcrops at the southern Kavaklar village. The unit, which extends to 3 km 2 through the fault zone, has a variable thickness of 50-150 m. The formation predominantly consists of conglomerates, blocky conglomerates, and moderately pebbly sandstone and mudstone. The formation rests unconformably on the basement rocks and it can be presumed to be from the Plio-Quaternary.
Quaternary sediments outcropping along the EFZ and northern edge of the Edremit Gulf consist of colluvial, alluvial fan, alluvial plain, beach, fluvial and fan-deltaic sediments. These unconsolidated/semi-consolided sediments comprise unsorted crudely stratified gravel and cobble-pebble conglomerate, alternating with several coarse-graded angular and monomictic conglomerates.
Structural geology and kinematic analysis
In the study area, three different fault sets were recognised, which are associated with the Cenozoic deformation of the rock units, specifically the E-W-striking low-angle normal faults (KDF), NE-SW-striking oblique-slip faults (Conjugate Faults (CF)) and E-Wtrending high-angle normal faults (EFZ) (Figure 2) .
Kazdağ Detachment Fault (KDF): It is a 1-3-km wide, 35-km long, approximately E-W-striking and gently S-dipping low-angle fault that mostly represents the structural contact between the Kazdağ Massif (footwall rocks) and the Kavlaklar granite/Küçükkuyu Formation (hanging-wall rocks). In the map view, the KDF displays the crescentic geometry that is characteristic of many detachment faults. Because of the rheological contrast between the footwall and hanging-wall units, the present-day morphology of the southern rim of the Kazdağ Massif is still controlled by the low-angle geometry of the KDF, with the gently seaward hill sloping at an angle of about 10-20° (Figure 4 (a) and (c)). The KDF includes several well-developed fault planes that are comprised of breccias and mylonitic rocks (the Alakeçi Mylonite Zone) of the marbles or gneisses of the Kazdağ Massif. The fault planes include mostly SSW-trending slip lineations, indicating a south-to southeastward sense of movement (Figure 4(b) and (d)). Between the Çetmibaşı and Zeytinli villages, we measured more than 20 fault plane data points to analyse the kinematic behaviour of the KDF. According to the computed data, the major strike is around N80°E and the main dip is usually less than 25°to SE (plots 3, 4, and 6 in Figure 2 (b)). Observed slickenlines ranged between 65°and 87°, characterising the dip-slip normal fault character. Additionally, field observations on footwall mylonitic rocks indicate a general top-to-the-south sense of shear, which is probably related to the exhumation of the metamorphic rocks of the Kazdağ Massif. The KDF is cut and displaced by the other fault sets belonging to the NE-SW-striking CF and E-W-trending high-angle normal faults (Figure 3) . Therefore, the KDF can be identified as not only seismically inactive, but also an older structure in the mapped area.
Conjugate faults (CF): These structures were mapped mostly in the area between Çetmibaşı and Zeytinli as two different fault subsets that had NE-SW and NW-SE strikes ( Figure 2 ). The length of these faults was measured up to 6 km. In the study area, the CF cut and displaced Miocene volcano-sedimentary units and older rocks. These second-order faults have well-preserved fault planes, striking between N50°W and N30°E with an average dip of 80°to the S, and their rakes are usually less than 20°. According to the collected kinematic data along these structures (see plot 2 in Figure 2 (b)), NW-striking ones had a left-lateral strike slip character with a reverse component, while the NE-trending faults had a right-lateral strike slip motion. In particular, NW of Narlı village, a series of NW-trending strike-slip faults cut and left-laterally displaced the master faults of the KDF and also some stratigraphic contacts of the Miocene units. However, these CF were dissected by the E-W high-angle normal faults of the EFZ.
Edremit Fault Zone (EFZ): The EFZ is the northern incipient bounding structure of the Edremit Gulf. It is an E-W-trending, range-front active normal-fault zone approximately 2-5-km wide and 75-km long ( Figure 2 ). It bounds the Biga Peninsula to the south and consists of several fault sets lying between the Bademli and Edremit settlements (plots 5, 8, 9, 10 and 13 in Figure 2 (b)). Between Bademli and Küçükkuyu, the EFZ can be traced along the northern coast of the Edremit Gulf. It includes many fault segments striking between N80°W and N80°E, with an average dip of 70°SE. In this section, the EFZ not only cuts the Pliocene Bayramiç Formation, but also controls the actual shoreline of the Aegean Sea (Figure 2 ). Around Narlı, the EFZ has clear corrugations with variable-sized wavelengths, up to kmscale amplitude. Their map view shows a basinward-facing step-like fault pattern that is convex to the south. The general trend of the fault zone is measured approximately as E-W, and the average dip is observed around 65°to the S. Here, the EFZ cuts and elevates Miocene volcano-sedimentary rocks, while its southernmost segment separates Holocene alluvial deposits from older rocks. There are also many series of actively growing lateral alluvial fans aligned parallel to the fault. In this part of the fault zone, some northern segments striking N80°E, with an average dip of 56°SE, and rakes, changing between 70°NE and 75°NE, control the Holocene unconsolidated colluvial deposits (Figure 4 (e) and (f)). Towards the east, where the eastern fault sets of the EFZ trend E-W to NE and enter Güre village, the EFZ includes several en-échelon arranged synthetic and antithetic fault segments, dipping to the SE and NW, respectively ( Figure 2 ). The observed fault planes strike around N70°E, dipping, on average, at 60°SE. Through the village of Zeytinli, the fault cuts Holocene alluvial deposits, striking at N60°E, and manifests as an obliqueslip south-dipping normal fault with striations larger than 55°. In additionally, the fault zone shows a horsetail geometry, characterising the typical tip of a strike and/or oblique slip fault, in the map view. According to field observations, kinematic data, and morphological features (such as deflected valleys, vertically displaced Holocene terraces, and triangular facets), the EFZ can be identified as active and the youngest structure.
Paleostress analysis of fault-slip data
Palaeostress computation from fault slip data informs us not only about the orientation of the three principal stress axes, the maximum (σ 1 ), intermediate (σ 2 ) and minimum (σ 3 ) principal stress axes, but also the ratio of the principal stress differences, also known as the shape ratio of the stress ellipsoid, formulated as Φ = (σ 2 − σ 1 )/ (σ 3 − σ 1 ). To do that, a number of graphical (e.g. Alexandrowski, 1986; Krantz, 1988) and numerical palaeostress methods (e.g. Angelier, 1979 Angelier, , 1994 Armijo, Carey, & Cisternas, 1982; Marrett & Allmendinger, 1990; Will & Powell, 1991; Yamaji, 2000; Yin & Ranalli, 1993; Žalohar & Vrabec, 2007) were developed for the computer-based inversion of structural data. Because of the robustness in multistage deformed areas (see Angelier et al., 1981; Brahim et al., 2002; Hippolyte & Mann, 2011; Kaymakçı, White, & van Dijk, 2000; Sperner et al., 2003; Vandycke & Bergerat, 2001 ), we used the Direct Inversion Method (INVD) of Angelier (1990) in this study; however, we refer to Angelier (1994) for a detailed review of the method and to Sperner and Zweigel (2010) and Hippolyte, Bergerat, Gordon, Bellier, and Espurt (2012) for data acquisition and separation techniques. Briefly, the INVD is based on the reduced stress tensor concept and the estimation of the stress ellipsoid by the shape factor (Φ), which varies between 0 and 1. Thus, in areas where the stress ratio approximates 0 or 1, uni-axial stress conditions prevail and faults are not constrained in any direction. Otherwise, stress is tri-axial, all of the principal stress magnitudes are significantly different, the fault orientations tend to develop parallel to σ 2 directions and the fault directions approximate to an Andersonian mechanism (Anderson, 1951) . The stress regime is determined by the nature of the vertical ones: extensional when σ 1 is vertical, strike-slip when σ 2 is vertical and contractional when σ 3 is vertical. Delvaux et al. (1997) suggested that the stress regimes also varied as functions of the stress ratio: radial extension (σ 1 vertical, 0 < Φ < .25), pure extension (σ 1 vertical, .25 < Φ < .75), transtension (σ 1 vertical, .75 < Φ < 1 or σ 2 vertical, 1 > Φ > .75), pure strike-slip (σ 2 vertical, .75 > Φ > .25), transpression (σ 2 vertical, .25 > Φ > 0 or σ 3 vertical, 0 < Φ < .25), pure contraction (σ 3 vertical, .25 < Φ < .75) and radial contraction (σ 3 vertical, .75 < Φ < 1).
During the inversion process, we used the allowable maximum misfit angle (ANG) and the acceptable maximum quality estimator value (RUP) (Angelier, 1994) to separate heterogeneous and incoherent data. The ANG (the maximum misfit angle between observed slip and computed shear stress direction) was taken as 25°. The RUP, which ranges from 0% (calculated shear stress parallel to actual striae with the same sense and maximum shear stress) to 200% (calculated shear stress maximum, parallel to actual striae but opposite in sense), was taken here as 50%. If fault slip data exceed these limits, they were separated from the data-set and then recomputed as a new tensor. Finally, combining qualitative observations and collected fault slip data in homogenous stations led us to obtain a picture of stress state related to regional tectonic events with various styles (extension or contraction), in terms of chronology and orientation.
Palaeostress reconstruction
We collected more than 60 fault-slip data points from 9 locations to construct the palaeostress orientation of the southern rim of the Kazdağ region. Data for the Edremit area were collected from the KDF, the EFZ and CF that occurred between the KDF and EFZ (Figure 2(a) ). The results of the palaeostress analyses are depicted in Figures 2(b) and Table 1 . The chronology of the palaeostress regime was deduced mainly from the age of the youngest host rock in the outcrop. These overprinting relationships, together with cross-cutting relationships and stratigraphic information, were used to determine the various deformation phases and their succession in time. If no cross-cutting or overprinting relationships were encountered, the age of the host lithology and the similarity of the stress orientations/stress ratios to other sites were taken into account when the deformation phase was already precisely assigned (Hippolyte et al., 2012; Sperner & Zweigel, 2010) . After processing fault-slip data, three different deformation phases can be separated, according to our results and the available kinematic data from the literature (Beccaletto & Steiner, 2005; Bonev et al., 2009) . Phase 1, relating directly to the detachment fault, is characterised by a N-S directed pure extension and likely took place during the Miocene. This phase was followed by a second one (Phase 2) -its data were from the strike-slip motion of the EFZ, which is highlighted as the associated NE-SW trending extension and NW-SE trending contraction. This stress state was most probably related with the initiation of the NAFZ through the Edremit area. Although the formation of the NAFZ is still contradictory (Serravalian of Barka & Hancock, 1984; Dewey & Şengör, 1979; Şengör, 1979; Şengör, Görür, & Şaroğlu, 1985;  or Pliocene of Barka & Kadinsky-Cade, 1988; Koçyiğit, 1988; Koçyiğit, Yılmaz, Adamia, & Kuloshvili, 2001) , we assume the age of this deformation as during the Plio-Quaternary. The youngest stress state (Phase 3) is characterised by normal faulting along the EFZ. This deformation is associated with a NE-SW-striking extension. Phase 1 -Miocene: This phase is recognised at three stations (Figure 2(a) and Table 1 ). Data were collected from low-angle, normal-fault planes, which form the southern hill of Kazdağ High. The orientation of the horizontal principle stress was relatively consistent between stations, and it was oriented NNW-SSE to N-S (Figure 2(b) ). The INVD technique calculated a near horizontal σ 3 , trending approximately 330°with a 8°p lunging, whereas the maximum principle stress axis (σ 1 ) had a vertical attitude with an approximately 70°p lunge. The main orientation of the σ 2 was quite variable, with an approximately horizontal plunge (<20°). The calculated shape factors (Φ) ranged between .144 and .6678, suggesting that radial-to pure-extension was dominant during Phase 1. The age of this phase is overlaps with the formation of the Küçükkuyu Formation and the exhumation of the Kazdağ Massif.
Phase 2 -Plio-Quaternary: The second deformational phase is characterised by strike-slip faulting that deformed both the Miocene units and the KDF. In this phase, the palaeostress orientations were obtained at three stations along the EFZ (Figure 2(b) and Table 1 ). The computed fault-slip measurements define a near horizontal σ 1 , plunging about 20°with a 300°trend. The calculated minimum principle stress axis (σ 1 ) also gently plunged (<12°), whereas the dip of σ 2 varied between 39°and 86°. The main trend of σ 3 was relatively consistent for all stations and in a range of 34°-74°. The computed shape factors used to estimate the stress state suggest that the Phase 2 structures formed in charge of the strike-slip regime (.716 < Φ < .865). These approximately E-W-trending strike-slip faults seem to form under an intense strike-slip tectonism affect, which is most probably associated with the continuation of the NAFZ through the study area.
Phase 3 -Holocene: This phase, evidenced by the youngest structures, indicates extensional deformation within the region. The orientation of the extensional strain axes varies from the NNW-SSE to NE-SW, which is characterised by high-angle normal faulting along the EFZ (Figure 2(b) and Table 1 ). However, having both step-like normal faults and shape factors ranging between .367 and .583 imply that Phase 3 is associated with pure extensional setting, considering the existence of active strike-slip faults in neighbouring areas, such as the Evciler Fault and Yenice-Gönen Fault Zones (YGFZs) in Figure 1 , suggesting that the regional tectonics is mostly transtensional around the Biga Peninsula. The focal plane solutions of recent earthquakes also support a combination of extensional and strike-slip deformations (Figures 1 and 5) . Structures of this youngest phase control the northern boundary of incipient Edremit Bay all along the coast line.
Seismotectonics of the region
The Marmara region is one of the most important locations for researchers to pay attention to, especially the region's historical and instrumental seismicity, considering the archaeological background of the area and the presence and efficiency of the NAFZ, which is one of the largest active strike-slip faults in the world. Also, the Marmara region is a densely populated and fast-developing part of Turkey; an important percentage of Turkey's industrial and communication facilities are concentrated over in the region roughly bounded by 39.5 N to 41.0 N and 26.0E to 31.0E (Figure 5(a) ).
The Marmara block has different seismic characteristics from the rest of Anatolia and appears to act as a separate tectonic unit (Crampin & Evans, 1986) . Accurate determination of focal depths using the joint hypocentre location techniques used by Jackson and Fitch (1979) and the modelling of the long-period body-waves by Eyidoğan and Jackson (1985) indicate that the major earthquakes in the region are not deeper than 10-15 km (Eyi̇doǧan, 1988) . These shallow earthquakes and their seismic magnitudes, scanned from many catalogues and researches (close to 500) with 4 ≤ M events that occurred in the Marmara region from 1900 to 2015, are illustrated in Figure 5 (a). The NAFZ generated 15 major earthquakes within the last century. The total length of the surface rupture of these earthquakes occurred in excess of 1100 km (Özalp et al., 2013) . Six of these 15 destructive earthquakes, including those in Düzce (1999) and Gökçeada (2014) with 6.5 ≤ M, occurred in the Marmara region and its surroundings. Additionally, the 1953 Yenice-Gönen earthquake stands out as one of the 7 ≤ M earthquakes that occurred in the southern branch during the instrumental period. The fault mechanism solutions of the major events, collected from many studies, indicate that the region was primarily shaped under the strike-slip deformation pattern ( Figure 5(a) ). Ambraseys and Finkel (1991) reported that the total number of earthquakes for the period AD 1 to 1899 amounts to just under 600, and 38 described events are estimated to be relatively large shocks of magnitude 7.0 ≤ M, in the region; the estimated epicentre location of 59 historical earthquakes 6.8 ≤ M that affected and specifically damaged the region which were collected from Ambraseys and Finkel (1991) , Ambraseys (2002) , Shebalin, Karnik, and Hadzievski (1974) , and Pınar and Lahn (1952) , are also shown in Figure 5(a) . The distribution of the both the historical and instrumental events indicate that the northern branch of the fault zone was more active than the southern one ( Figure 5(a) ). The last 2000 years of historical records reveal the existence of a similar earthquake cycle within the last century that occurred on the northern branch of the NAFZ (Ambraseys, 2002; Ambraseys & Finkel, 1991; Şengör et al., 2005) .
Between 160 and 1898 AD, 30 earthquakes were reported at the western termination of the southern branch of the NAFZ, including the EFZ and the surrounding area in 18 locations.
Most historical earthquakes are focused around Lesvos Island (Figure 5(b) ). The 11 October 1845 Figure 1(b) ). Instrumental earthquakes epicentre locations with a magnitude greater than 4 collected from International Seismological Centre (ISC), United States Geological Survey National Earthquake Information Center (USGS-NEIC), Boğaziçi University Kandilli Observatory and Earthquake Research Institute (KOERI). Estimated epicentral location of historical earthquakes 6.8 ≤ M that affected and specifically damaged the region are shown by red stars. The data were collected from Ambraseys and Finkel (1991) , Ambraseys (2002) , Shebalin et al. (1974) , and Pınar and Lahn (1952) . Focal mechanism solution (FMS) of earthquakes are taken from (1) Canıtez and Toksöz (1971) , (2) . Instrumental earthquakes epicentre locations with a magnitude greater than 3 were collected from ISC, KOERI, and USGS-NEIC. See Figure 5 (a) for FMS references and explanations. Estimated epicentral location of historical earthquakes was collected from Ambraseys (2002) , Ambraseys and Finkel (2006) , Ambraseys and Jackson (2000) , Calvi (1941) , Ergin, Güçlü, and Uz (1967) , Öcal (1968) , Pınar and Lahn (1952) , Shebalin et al. (1974) , and Soysal et al. (1981) . earthquake (I 0 = X) was reported by Shebalin et al. (1974) ; the estimated location of the event is in the Edremit Gulf. This event was effective in a radius of 320 km, although the earthquake was felt more in Lesvos and the main damage occurred in the island (Papazachos & Papazachou, 1997) . Another major earthquake was reported in the southern part of the Biga Penninsula and occurred on 7 March 1867 (M w = 7.0, Soloviev, Solovieva, Go, Kim, & Shchetnikov, 2000; I o = X Shebalin et al., 1974; M = 7.0, Comninakis & Papazachos, 1982) . The estimated location of this event is Lesvos Island, but it was felt in İstanbul, İzmir and even Athens; another earthquake caused great damage in the city of Mytilene, capital of Lesvos, and serious damage over a large area along the Turkish coasts (Altınok, Alpar, Yaltırak, Pınar, & Özer, 2012) . This event destroyed more than 5750 houses, killed 550 people and injured 816 people (Papazachos & Papazachou, 1997) . The smooth coastal section of Mytilene, which is located on the north-eastern part of the island, was flooded after the earthquake and covered by blurred mud; abnormal sea movements were observed at dawn the following day (Papazachos & Papazachou, 1997) . Altınok et al. (2012) combined all these data with their own data and suggested that the 7 March 1867 earthquake should have created a tsunami in the Gulf of Edremit. In the Biga Peninsula, it is known that other significant earthquakes that affected the Hellespont region occurred in 155 AD and 160 AD. Although there is limited information about the 160 AD event in the literature, the magnitude of the earthquake was reported as M s = 7.1 by Ambraseys (2002) . Likewise, Ambraseys and Finkel (1991) indicated that the 155 AD earthquake was a major earthquake that occurred in the provinces of Hellespont and Bithynia. They stated that Cyzicus (Erdek), together with other towns, was totally destroyed, Mytilini was damaged and the ground was extensively deformed in the interior of the Hellespont region. They also expressed that the shock was felt throughout Bithynia and caused great panic in Smyrna (Izmir) and Ephesus, and Cyzius was restored with the financial assistance of Rome.
On the other hand, 19 earthquakes occurred (M > 3.5) during the instrumental period in the EFZ and surrounding area. Two of them are mid-magnitude earthquakes, between 5 and 6. The 6 October 1944 earthquake (M s = 6.8, Ambraseys, 1988 ; M w = 6.7, EMSC) was the most powerful one within the instrumental period that affected Edremit city and its vicinity. The focal mechanism solutions of them indicate the normal faulting mechanism. These solutions are also compatible with the kinematic features of the EFZ. The main shock of the 1944 earthquake was felt in an area of approximately 250 km in diameter, which covers Akhisar, Manisa, Tekirdağ, Gönen and Lesvos island; during this earthquake, 73 people lost their lives, 275 people were injured and 2200 buildings were heavily damaged (Altınok et al., 2012) . Zimmermann (1945) reported the surface rupture features in some localities, such as the cross-cut hill road going up to the village of Adatepe, north of the Küçükkuyu. The expected fault rupture length associated with this event was calculated as 38 km by Ambraseys and Jackson (2000) . Altınok et al. (2012) also reported that the tsunami waves were observed at some localities around the Gulf of Edremit, especially the southern part of the gulf and the Ayvalık coasts. Moreover, these researchers suggested the presence of an up to 2-m surface rupture in the vertical direction by using highresolution shallow seismic reflections within the Edremit Gulf.
Palaeoseismology
5.1. Earthquake damages in the ancient city of the region So far, in the areas covering Balıkesir and Çanakkale, a total of 95 pieces of ancient settlements had been determined in the Biga Peninsula, but 8 important ancient cities had been excavated: these are Troy, Apollon, Smintheus, Mabadi, Alexandreia-Troas, and Assos in Çanakkale and Daskyleion, Antandros, Kyzikos, and Prokonnesos in Balıkesir. The ancient cities located near or on the EFZ are Assos, Lamponi, Antandros and Adramytteion. Two of them (Assos and Antandros) contain deformational structures that emerged during the earthquake(s).
Assos
The ancient city was located on the northern edge and in the central part of the E-W trending coastline of the Edremit Gulf (Figure 5(b) ). Serdaroğlu (1996) reported that the city was established by Leleges in 2000 BC. New researches carried out in the necropolis indicate the existence of a continuous settlement from the beginning of the seventh century BC until the end of the Roman period (Serdaroğlu, 1996) . It is proposed that the Assos Theatre shifted and was largely destroyed by the earthquake(s) (Serdaroğlu, 1996) . These damages were attributed to the 253 AD earthquake and/or the 6 October 1944 earthquake by Koçyiğit (2013) and Serdaroğlu (1996) , respectively.
Antandros
Antandros is located 4-km east of Altınoluk town (Edremit) in the southern flank of the Kazdağ Mountain ( Figure 5(b) ). The city was founded in the tenth century BC by the Pelasgians (Polat, 2002) . Ongoing museum excavations in the necropolis, which had been used between the seventh century BC and second century AD, discovered many tombs that were placed on top of others two and three times using the slope angle, as well as cremation and direct burial grounds (Polat, 2008) . The author states that the illegal excavations led to the discovery of a floor mosaic from the Roman period, and this situation resulted in systematic excavations that determine that it was a house that had frescoed walls and covered mosaic floors dating from the first century AD (Dr Gürcan Polat, personal communication, 2013) . We were carried out on the highlighted excavation area, which was located mainly near terrace houses to the east and the necropolis to the west (Figure 6(a) ). These deformations observed in the necropolis area and terrace houses are shown in (Figure 6(b) and (c) ), respectively. Especially in the necropolis area (Figure 7(a) ), the cultural level differed in the presence of the tombs; however, the highest cultural level of the necropolis is dated to the second century (Polat, 2008) . The deformations observed at the necropolis are generally characterised by fractures, cracks, collapses, sprains and backward distortions (Figure 6(b) ). The deformations are concentrated in 3 points that include the boundary of the unearthed area and the systematic excavations. From west to east, these 3 points are, respectively, located in the northern border of the necropolis, in the middle section and in the eastsouth-east border of the excavation area. The northern margin of the necropolis is reposed on a boundary that lies between the Holocene alluvial coarse-clastic sediments and Miocene granitic rocks. In this area, one of the Roman tombs is also well preserved, but its northern wall is partly collapsed, distorted and back-tilted, with a concave geometry towards the south (Figure 7(b) ). The distorted geometry of the back-tilted wall seems to have occurred during a shaking event rather than a gravitational collapse. Both the orientation and location of this wall also intersect with an approximately E-W trending active fault, which extended between the Kavlaklar granite and the Holocene alluvial fan sediments.
The deformations in the middle part of the necropolis are observed on the sarcophagus belonging to the youngest culture level. The outward walls of the tombs were cracked, their corners were broken and the E-W trending longest sides exhibited a convex geometry towards the south (Figure 7(c) ). In the easternmost point, an approximately E-W trending stone wall, which separated the tombs belonging to the older culture level, was also twisted towards the south in a convex geometry (Figure 7(d) ). These deformations in the necropolis area extend along an approximately WNW-ESE trending zone (Figure 6(b) ). Polat (2008) reported that the tombs that occurred in the different culture levels at Antandros Necropolis varied from the eighth century BC to the second century AD. The field data indicate that the deformations occurred on the sarcophagus dated starting from the lowest cultural level until the second century BC; as a result, one or more earthquakes affected the necropolis area after this date. Another key area with intense deformational structures is the terrace house, which is located in the eastern part of the excavation area. Two types of damage were observed at the terrace houses area: (a) damage related to co-seismic shaking and (b) rupture associated with surface break deformations. Shaking damage-related structures are concentrated on a Roman villa, which has been demonstrated in the recent excavations. These deformational structures are: fractures and cracks on a reception saloon and the terrace floor of the villa; broken corners and toppled walls of the house; geometrical diffractions on the Roman bath floor, which is located at the end of the corridor; breaks in the west-northwest section of the bath; a collapsed floor on the outside of the terrace; and extensional cracks and undulations, which are observed on the apodyterium floor (Figures 6(c) and  8(a) ). The most distinctive evidence for the rupture associated with the surface break was observed on the N-S extending wall, which is located at the end of the corridor in the southern part of the bath. The middle section of the wall was sprained by the right lateral shear effect (Figures 6(c), 8(b) and (c) ). In addition, the sewage channel passing to the east of the wall was collapsed and broken due to the same buckling. Another parallel wall, which was located approximately 5-m west of this sprained wall, had E-W trending fractures and systematic cracks in the same direction (Figures 6(c) and 8(d) ). Furthermore, this E-W-oriented deformation zone contained some vertical offsets, changing between 50 and 100 cm of displacement. These observations measured in two areas indicate that the deformational structures occurred and took place at the same elevation and orientation. This deformational zone and its trends at the Antandros are consistent with the E-W segments of the EFZ. Deformations occurred over these archaeologically dated structures, probably associated with one or more earthquakes that occurred on the EFZ after the first century BC. 
Trench studies
For the location of the trench, we considered both the compiled 1944 rupture information of some eyewitness and the results of the geological mapping studies. Some eyewitnesses (Mr Veli Dayı, born in 1912 at Güre; Mr Mustafa Güder, born in 1928 at Narlı; Mr Hasan Turan, born in 1925 at Doyran; and Mr Mehmet Kavruk, born in 1929 at Küçükkuyu) showed us the exact locations of the surface ruptures of the 1944 event. Moreover, they also reported that the rupture caused a hundreds-of-metres-long surface crack striking in an almost E-W direction at the south of Narlı village, which is also consistent with the our geologic mapping studies. Finally, the Narlı trench was dug perpendicular to the 1944 earthquake break on the EFZ to investigate whether the 1944 break followed a pre-existing fault (Figure 2(a) ). The N-S-oriented Narlı trench is 27-m long and up to 4-m deep and wide. Both trench walls expose five units and the recent soil cover (Figures 9  and 10 ). The basement unit (unit 1) consists of the intercalations of light brown sandy silty mudstone (unit 1a), bluish, dark grey fine-grained sandy siltstone (unit 1b), yellowish, whitish mudstone and claystone (unit 1c) and dark brown organic-rich mudstone. It also includes randomly distributed lime nodules and channel-fill comprised of well-sorted, grey sandy conglomerates (unit 1d). The radiocarbon samples (samples NAR-WC-2 and NAR-WC-3) collected from the dark brown organic-rich levels of unit 1 yielded ages between 38912 and 36952 BC (Table 2) , suggesting a late Pleistocene age of the unit that belonged to the Bayramiç Formation (Figure 9 ).
The V-shaped unit 2, consisting of gravelly, sandy mud, was interpreted as the crack fills, which are the products of the penultimate event. Units 1 and 2 are unconformably overlaid by unit 3, consisting of pinkish brown, gravelly, sandy mud.
The radiocarbon sample (sample NAR-EC-2, calibrated radiocarbon age data of the Narlı samples and their diagrams, which were sent to the Beta Analytic Radiocabon Dating Laboratory, Miami, Florida/USA), collected from unit 3 on the east wall, yielded an age between 7180 and 7060 BC (Figure 10 ). Because of its vertical v-shaped plan view and their immature colluvial fabric, it is likely that unit 4 is crack fills, including greyish-brown, sandy, muddy gravels. Overlying the youngest unit, 5, is represented by light brown, gravelly, muddy, modern soil with an obtained age of 100.2 ± 03 BP.
Based on the stratigraphical and sedimentological evidence and the analysis of the structural elements, three past surface rupture events were identified in the Narlı trench. The first event occurred before the deposition of unit 2 and after the deposition of unit 1. Hence, the age of unit 1 (samples NAR-WC-2 and NAR-WC-3) given above represents the lower boundary, while the Figure 9 . Photomosaic and palaeoseismological log of the west wall of Narlı trench. Note the past earthquakes and 14 C age data are also added to explanation of the units.
upper boundary of the first event is defined according to the calibrated age of unit 2 (sample NAR-WC-6), which occurred between 13178 and 12784 BC. The second event, which deformed unit 3, also caused the crack fill that was filled by the deposits of unit 4. The unit 4 radiocarbon sample (sample NAR-WC-10) gave a calibrated age between 80 and 240 AD, suggesting that the penultimate event took place before about 160 ± 160 AD. The lower boundary of the second event is defined according to the calibrated age of unit 3 (sample NAR-WC-8), which occurred between 3895 and 3880 BC. The fault strand, which is a structural contact between units 4 and 2, can be followed in recent soil (unit 5) and is probably related to the latest event (Figure 9 ).
Interpretation of palaeoseismological and geoarchaeological data
Three past surface rupture events were identified in the Narlı trench while digging on the Altınoluk segment of the EFZ. The Narlı trench shows that the source of the 1944 earthquake was the EFZ, and the 1944 break followed the pre-existing faults, which generated the penultimate event between 160 ± 160 AD and 3930 ± 50 BC Figure 10 . Photomosaic and palaeoseismological log of the east wall of Narlı trench. Note the past earthquakes and 14 C age data are also added to explanation of the units. Figure 11 ). The first event occurred before 13178 BC. The second event is likely to be associated with the historical earthquakes of 155 AD and/or 160 AD. The estimated locations, which were suggested by researchers, correspond to an area that is close to the Yenice-YGFZ. While 155 AD data are absent from the palaeoseismic studies performed by Kürçer et al. (2008) , Belindir (2008) defined an event that occurred in 155 AD on the YGFZ. The 155 earthquake was reported in varied coordinates in different catalogues (Ambraseys & Finkel, 1991; Ambraseys & Jackson, 1998; Soysal, Sipahioğlu, Kolçak, & Altınok, 1981) . When these catalogues are examined, it is obvious that the 155 and 160 earthquakes are different events. The coordinate distributions indicate that the 155 earthquake affected areas closer to the YGFZ, such as Bithynia, Cyzicus, Bandırma and Manyas. This information also increases the possibility that the 160 AD event occurred on the EFZ. The last event, the 1944 earthquake (M w = 6.8), caused a 35-to 37-km surface rupture on the Altınoluk segment. The time after the last major earthquake for the Altınoluk fault segment is 72 years. Another remarkable detail is that the years between the 155 and 160 earthquakes seem too similar, with 9 years between the 1944 earthquake that occurred on the EFZ and the 1953 earthquake, which is the last event on the YGFZ. When we considered these earthquakes' locations, formation timings and magnitudes, it seems that the large earthquakes, which eventuated on the EFZ and were quite close to the YGFZ, triggered each other. The palaeoseismological studies carried out in the northern branch of the NAFZ suggested that the estimated recurrence interval is 150-300 years for surfaceruptured large earthquakes (Hartleb, Dolan, Kozaci, Akyuz, & Seitz, 2006; Ikeda et al., 1991; Kozacı, Dolan, & Finkel, 2009; Kozacı, Dolan, Yönlü, & Hartleb, 2011; Özaksoy et al., 2010; Rockwell, Barka, Dawson, Akyuz, & Thorup, 2001; Rockwell et al., 2009 ), while palaeoseismological studies on the southern branch are very limited, except for Yoshioka and Kuşçu (1994) , Kürçer et al. (2008) , Belindir (2008) and Özalp et al. (2013) ; however, Özalp et al. (2013) reported that the return period of the greater earthquakes that occurred on the southern branch was not regular, but these fault segments have the potential to produce earthquakes on the northern branch. Additionally, Belindir (2008) reported an earthquake recurrence interval on the YGFZ that ranged between 253 and 925 years. Kürçer et al. (2008) calculated the mean repetition period of the linear morphogenic earthquakes as 660 ± 160 years on the same fault zone. According to the palaeoseismological data obtained from the Narlı trench, there was no systematic earthquake recurrence period of the EFZ, and this result is consistent with those found in other studies carried out in the southern branch of the NAFZ. Also, trench observations indicate that the faulting mechanism in the 1944 crack was used by the rupture that formed the previous events. At least three similar earthquakes occurred on the same rupture, which increases the probability that the next earthquake will occur on the same rupture that originated from the EFZ. Besides, the geometry of the deformational structures observed in the ancient city of Antandros, which are first revealed by this study, seems quite similar to the segment and kinematic features of the EFZ. The geometry, types and locations of these deformations, which were observed in the city and are dated between the eighth century BC and first century AD, indicate that they are related to one and/or more earthquakes that directly occurred on the EFZ after 1 AD. This trouvaille is also consistent with the palaeoseismological results obtained from the Narlı trench.
Discussion and conclusions
• The rock units outcropping around the fault zone are listed from old to young as follows: the Karakaya Complex and Kalabak Group within the Sakarya Zone, the Kazdağ Massif, Çetmi Mélange, Kavlaklar granites, Hallaçlar volcanics, Küçükkuyu Formation, undifferentiated volcanic and volcanosedimentary rocks, İlyasbaşı and Bayramiç formations, and Quaternary alluvial, colluvial, fluvial, and deltaic deposits.
• The field observations and geological mapping studies indicate that the low-angle normal fault (Kazdağ Detachment) was cut and deformed by the high-angle normal faults of the EFZ, and rejuvenate towards the basin into the Edremit Bay. This mechanism shows significant similarities with the "rolling hinge" faulting mechanism in the literature (Figure 12 ). In this sense, the Kazdağı detachment, which was assessed within the EFZ, must be revised. In addition to this, the Zeytinli segment, which is described by Emre and Doğan (2010) as the eastern continuation of the main detachment fault, should also be reconsidered as an inactive fault class.
• Stratigraphic, structural and kinematic analyses indicate that the geodynamic evolution of the Edremit and its surroundings are traced by the three distinctive deformation phases from the Miocene to the present. The oldest one (Phase 1) is directly related to the activities of the KDF, which is represented by a N-S-trending pure extension. In contrast to Yılmaz and Karacık (2001) and Erdoğan et al. (2013) , the results of Phase 1 clearly document that the tectonic setting during the Oligo-Miocene was a supra-detachment related to pure extension rather than contraction. Phase 2, which characterises a strike-slip stress condition, is probably related to the progression of the NAFZ towards the Edremit area during the PlioQuaternary. The beginning age of this deformation phase has some controversies, and there are basically three different views: (i) as a result of the westward motion of Anatolia away from the collision zone between the Arabian and Eurasian plates, the right lateral motion along the NAFZ is commenced by the Serravalian (Barka & Hancock, 1984; Dewey & Şengör, 1979; Şengör, 1979; Şen-gör et al., 1985) ; (ii) some researchers argued that the NAFZ was not initiated until the Pliocene (Barka & Kadinsky-Cade, 1988; Koçyiğit, 1988; Koçyiğit et al., 2001); and (iii) there are claims that the zone started to initiate in eastern Turkey during the late Miocene was propagated westwards, and did not reach the west until the Pliocene to form its recent shape and tectonic setting in the Marmara region (Barka, 1992; Okay, Demirbağ, Kurt, Okay, & Kuşçu, 1999; Suzanne et al., 1990) . The last phase (Phase 3) is characterised by the high-angle normal faulting, which developed along the EFZ. This deformation is associated with a NNE-SSW-trending extension. Our field observations, such as the cross-cut relationship between the KDF and the EFZ, the youngest unit which was deformed in Phase 2 and the existence of postdated strike-slip striations by normal ones indicate that the strike-slip faulting along the EFZ was active during the Plio-Quaternary. We therefore conclude that Edremit Bay may have started to develop in Phase 2, and then the modern shape of it took place in Phase 3, during the Holocene.
• In addition to the kinematic data collected from the fault planes of the EFZ, the focal mechanism solution of recent earthquakes, palaeoseismologic studies indicate that the 6 October 1944 earthquake occurred on the EFZ and caused an approximately E-W-trending, 35-40-km-long surface rupture that was nearly parallel to the shoreline.
• Three past surface ruptured events were identified in the Narlı trench. The first was before 13178 BC, the penultimate event may correspond to either the 160 AD or 253 AD historical earthquakes and the younger one can be associated with the 6 October 1944 earthquake (M w = 6.8). At least three similar earthquakes occurred on the same rupture, which increases the probability that the next earthquake will occur on the same rupture.
